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METHOD AND APPARATUS FOR 
FILTERING CONTAMINANTS 



Background 

[0001] The present invention relates generally to semiconductor manufacturing, and more 
particularly to a self-contained ventilator for reducing toxic gas emission associated with 
semiconductor manufacturing processes. 

[0002] Semiconductor devices are typically fabricated using a sequence of chemical and/or 
mechanical processing operations performed simultaneously or sequentially on one or more 
semiconductor wafers. This fabrication typically takes place in a clean room, which is an 
enclosed ultra-clean space having a minimal amount of airborne particles, and which is strictly 
environmentally controlled. The wafers undergo various fabrication processes in the clean room, 
including thermal oxidation, masking, etching, and doping. Such processes lead to the 
development of a semiconductor device. 

[0003] During the manufacturing processes, contaminants such as particles, organics, gases, 
metallics, and the like, may adhere or adversely affect the wafer, thereby adversely affecting 
characteristics of the processed semiconductor device. Also, such contaminants can also be 
released into the clean room environment, where they may be hazardous to people or the 
environment. Accordingly, there is a need to control the emission of contaminants during and 
between the manufacturing processes. 

Summary 

[0004] A technical advance is provided by a new and improved apparatus and method for 
filtering contaminants. In one embodiment, a self-contained ventilator for filtering contaminants 
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is provided. The self-contained ventilator includes a housing having a support member for 
supporting the pollution source and a filter vertically spaced from the support member for 
filtering contaminants emitted from the pollution source, the filter and a lower portion of the 
housing defining a first converging room. The self-contained ventilator also includes a conduit 
connecting the first converging room to an upper portion of the housing such that a flow path is 
defined through the housing and conduit, and a fan for generating an airflow that follows the 
flow path. 

[0005] In another embodiment, a ventilator is provided for filtering contaminants introduced 
from a wafer processing system. The ventilator includes a housing separable from the wafer 
processing system for receiving and storing one or more wafers, a filter positioned inside the 
housing, a conduit connected to the housing, and an airflow generator for providing an airflow 
along a closed-loop flow path defined through the housing, the conduit, and the filter, 

[0006] In another embodiment, a method is provided for filtering contaminants associated 
with semiconductor processing. The method includes providing a movable housing for storing 
one or more semiconductor wafers, the housing having a filter disposed therein. A conduit is 
provided for connecting a portion of the housing to another portion of the housing. An airflow is 
generated that follows a flow path defined through the housing and the conduit such that the 
airflow entrains contaminants within the housing to filter the contaminants when passing through 
the filter. 

[0007] In another embodiment, a method is provided for filtering contaminants emitted from 
a pollution source. The method includes providing a self-contained housing having a support 
member and a filter disposed interiorly therein, the filter being vertically spaced from the support 
member. A conduit cormects a portion of the housing to another portion of the housing such that 
a flow path is defined through the housing and the conduit. The pollution source is placed on the 
support member and the interior of the housing is isolated from an area surrounding the housing. 
An airflow is generated that follows the flow path such that the airflow entrains the 
contaminants emitted from the pollution source and filters the contaminants when passing 
through the filter. 
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Brief Description of tlie Drawings 

[0008] Fig. la is a perspective view of a self-contained ventilator according to an 
embodiment of the present disclosure. 

[0009] Fig. lb is a perspective view of a wafer processing kit to be housed in the self- 
contained ventilator of Fig. la. 

[0010] Fig. 2 is a sectional view of the ventilator of Fig. la. 

[0011] Fig. 3 is a sectional view of the ventilator of Fig. la depicting a flow path. 

[0012] Fig. 4 is a top sectional view of the ventilator of Fig. 2 taken along the line 4-4. 

[0013] Fig. 5 is a top sectional view of the ventilator of Fig. 2 taken along the line 5-5. 

[0014] Fig. 6 is a diagrammatic view of a wafer processing system incorporating a self- 
contained ventilator. 

Description 

[0015] Referring to Fig. la, a self-contained ventilator is generally referred to by reference 
numeral 10. The ventilator 10 includes a free-standing housing 12 for enclosing a wafer 
processing kit or boat 14 (Fig. lb). The wafer processing kit 14 is of a conventional design, and 
as such, includes wafers having undergone various semiconductor manufacturing processes. It is 
understood that the ventilator 10 may be situated in a clean room (not depicted). 

[0016] The housing 12 includes a set of walls 16, 18, 20 and 22 integrally formed with and 
extending vertically between a bottom 24 and a top 26, thereby defining an interior volume 28 of 
the housing. An opening 29 is formed in the wall 20 to provide access to the interior volume 28 
of the housing 12. A door 30, cormected to the housing 12 via a conventional hinge 32, is 
provided for enclosing and sealing the interior volume 28. 

[0017] The door 30 includes a peripheral rubber magnet 34 for adhering the door to the 
housing 12 when the door is in a closed position. A conventional handle 36 is affixed to the door 
30 via any conventional means for facilitating opening and closing of the door. 

[0018] Referring to Figs, la and 2, a conduit 38 is connected to the housing 12 for reasons to 
be described. The conduit 38 includes an exhaust port 40 having a valve 42 for adapting the 
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ventilator to a local exhaust system (not shown) if desired. A fan 44 is disposed within the 
conduit 38 for generating an airflow as will be described. A plurality of wheels 46a-d (wheel 46d 
is not shown) are connected to and disposed beneath the housing 12 for aiding the mobility of the 
housing. 

[0019] Referring to Figs. 2 and 3, and more particularly to the housing 12, the interior 
volume 28 is shaped to define a desired flow path denoted by the reference arrows F (Fig. 3). 
The flow path F within the housing 12 is generally divergent in an upper portion 48 of the 
housing, uniform in a central portion 50 of the housing, and convergent in a lower portion 52 of 
the housing. The flow path F will be more fully described with respect to the operation. 

[0020] The upper portion 48 of the housing 12 includes a pair of corresponding interior 
surfaces 54a, 54b that diverge from one another from the top 26 to the walls 16 and 20, 
respectively. A distributor 56, vertically spaced from the top 26, is disposed between the 
surfaces 54a, 54b in any conventional manner. 

[0021] The distributor 56, as further depicted in Fig. 4, is a plate- like structure formed to 
uniformly distribute the flow path F, and as such, includes a pluraUty of uniformly distributed 
apertures 58 formed there through. The upper portion 48 of the housing 12 and the distributor 56 
cooperate to define a diverging room 60. 

[0022] The central portion 50 of the housing includes a pair of corresponding substantially 
parallel interior surfaces 62a, 62b that vertically extend from the surfaces 54a, 54b, respectively. 
The interior surface 62b includes the opening 29 formed through the wall 20. A support member 
64, vertically spaced from the distributor 56, is disposed between the surfaces 62a, 62b in any 
conventional maimer. 

[0023] The support member 64, as further depicted in Fig. 5, supports the wafer processing 
kit 14 while also allowing for continuation of the flow path F there through. As such, the support 
member 64 may take the form of a grid. As depicted in Fig. 3, the wafer processing kit 14 emits 
contaminants (denoted by the reference arrows P), which may be in the form of toxic gas, as will 
be further described with respect to the operation. The distributor 56, the interior surfaces 62a, 
62b, and the support member 64 cooperate to define a compartment 65. 
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[0024] The lower portion 52 of the housing 12 includes a pair of corresponding interior 
surfaces 66a, 66b that converge toward one another from the surfaces 62a, 62b. A pair of 
corresponding interior surfaces 68a, 68b vertically extend from the surfaces 66a, 66b to further 
define the shape of the interior volume 28 in the lower portion 52 of the housing 12. 

[0025] A filter 70, vertically spaced from the support member 64, is disposed between the 
surfaces 68a, 68b in any conventional manner. For instance, the filter 70 may be slidably 
disposed in notches (not depicted) formed in the surfaces 68a, 68b to facilitate easy insertion and 
removal of the filter 70. The filter 70 may be a conventional active carbon filter, and as such, 
absorbs and captures the harmful contaminants P emitted from the wafer processing kit 14 as will 
be further described with respect to the operation. The support member 64, the surfaces 66a, 
66b, and the filter 70 cooperate to define a converging room 72. 

[0026] The lower portion 52 of the housing 12 further includes a pair of corresponding 
surfaces 74a, 74b that extend from the surfaces 68a, 68b and converge toward one another and 
terminate at the bottom 24 of the housing. The bottom 24, the filter 70, and the surfaces 74a, 74b 
cooperate to define a converging room 76. 

[0027] The lower portion 52 of the housing 12 is adapted to receive a portion of the conduit 
38 in order to establish communication between the converging room 76 and the conduit 38. The 
conduit 38 connects to the lower portion 52 of the housing 12 in any conventional manner. Thus, 
the flow path F continues from the converging room 76 and into the conduit 38. 

[0028] The flow path F is further defined through an elbow 80 of the conduit 38, vertically 
through the conduit, and through another elbow 82 of the conduit. The upper portion 48 of the 
housing 12 is adapted to receive a portion of the conduit 38 in order to establish communication 
between the conduit 38 and the diverging room 60. The conduit 38 connects to the upper portion 
48 of the housing 12 in any conventional manner. Thus, the flow path F continues from the 
conduit 38 and into the diverging room 60 to complete the closed-loop flow path. 

[0029] Referring again to Figs, la and lb, in operation, the wafer processing kit 14 is placed 
inside the ventilator 10 to rest on the support member 64. The door 30 is then closed to isolate 
the interior volume 28 of the housing 12 from the ambient surroundings. Having undergone 
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semiconductor manufacturing processes, such as a wet cleaning process, the wafer processing kit 
14 emits the contaminants P (Fig. 3) into the air of the interior volume 28. 

[0030] Referring to Figs. 2 and 3, the fan 44 is then actuated to generate an airflow within the 
ventilator 10 that follows the flow path F. Upon actuation of the fan 44, the airflow follows the 
flow path F through the conduit 38 and into the diverging room 60. The diverging room 60 
buffers the airflow such that the airflow spreads upon exiting the conduit 38. 

[0031] From the diverging room 60, the airflow passes through the apertures 58 (Fig. 4) of 
the distributor 56 such that the airflow is substantially uniformly distributed into the 
compartment 65. Upon entry into the compartment 65, the airflow passes adjacent to the wafer 
processing kit 14, thereby entraining the contaminants P in the direction of the flow path F. 

[0032] The airflow with entrained contaminants P then passes through the support member 
64 and enters the converging room 72 where the airflow is accelerated due to the decreasing 
volume of the converging room. The acceleration of the airflow in the converging room 72 
generates a flow field having lower pressure conditions relative to the compartment 65. Thus, 
the low pressure flow conditions and the momentum of the airflow combine to create a drawing 
force sufficient to exhaust a substantial amount of the contaminants P into the filter 70. 

[0033] Upon passing through the filter 70, the airflow enters the converging room 76 where 
the airflow accelerates further and enters the conduit 38. As the filter 70 captured a substantial 
amount of the contaminants P from the airflow, the airflow entering the conduit 38 via the 
converging room 76 is substantially cleaner than the airflow entering the filter. 

[0034] The airflow continues through the first elbow 80 of the conduit 38, vertically through 
the conduit, and through the second elbow 82 of the conduit. The airflow exits the conduit 38 
and enters the diverging room 60 to repeat the above-described flow path F. 

[0035] As the airflow continually circulates through the ventilator 10, the contaminants P are 
continually captured by the filter 70. Thus, operation of the ventilator 10 allows the filter 70 to 
capture a technically- feasible maximum amount of contaminants P. 

[0036] The self-contained ventilator 10 offers the advantage of continuous filtering of the 
contaminants P in a closed-loop system. Thus, communication between the interior volume 28 
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and the surrounding environment is minimized, which minimizes the emission of contaminants P 
from the wafer processing kit 14 to the ambient surroundings. Furthermore, use of the ventilator 
10 eliminates the need to use a localized exhaust system to exhaust the contaminants P 
emanating from the wafer processing kit 14. Instead, the self-contained ventilator 10 may be 
moved to various locations, including locations beyond the clean room, while still maintaining a 
closed environment and operating to filter the contaminants P. The ventilator 10 is also easy to 
clean and maintain as the filter 70 can be easily replaced. 

[0037] Referring to Fig. 6, providing the ventilator 10 separable from the wafer processing 
system is advantageous due to the protection afforded to the wafer processing kit 14 when 
traveling between facilities. For instance, the wafer processing system may include processing 
operations, such as PI and P2, that are located in entirely different facilities. As such, providing 
a movable, self-contained ventilator to house the wafer processing kit 14 during movement 
between processing operations is beneficial in protecting against harm to the environment and 
harm to the wafers. 

[0038] The ventilator 10 fixrther guards against the harmfiil effects of corrosion of the wafers 
in the wafer processing kit 14. For example, if a wafer includes a layer, such as a metal layer, 
that is adversely affected by its environment, placing the wafer in the ventilator 10 between 
processing operations PI and P2 can extend the metal corrosion time. 

[0039] While the invention has been particularly shown and described with reference to 
embodiments thereof, it is understood by those skilled in the art that various changes in form and 
detail may be made therein without departing from the spirit and scope of the invention. For 
example, any number of support members 64 may be added between the surfaces 62a, 62b such 
that a plurality of wafer processing kits 14 may be housed within the ventilator 10. Any number 
of wafer processing kits 14 may be supported by each support member 64. Moreover, the 
support member 64 may be formed of any compatible material such as Teflon or stainless steel. 
Furthermore, a plurality of doors 30 may be used with the ventilator 10 to accommodate an 
increased number of support members 64 and wafer processing kits 14. 

[0040] Still ftirther, a plurality of distributors 56 and filters 70 may be used to accommodate 
various sizes of the ventilator 10. The distributor 56 is not limited to the apertures 58 as 
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described. Rather, the distributor 56 may take any form so long as the airflow is distributed there 
through. In some embodiments, the distributor 56 may be removed. Furthermore, the fiher 70 is 
not limited to an active carbon filter as described. Rather, the filter 70 may take a variety of 
forms so long as the filter captures a substantial amount of contaminants P according to the 
present disclosure. 

[0041] Moreover, the conduit 38 may connect to the housing 12 in any conventional manner. 
In one example, a bore may be formed through the housing 12 to communicate the diverging 
room 60 and/or the converging room 76 with the ends of the conduit 38, respectively, when the 
conduit is coupled to the exterior surface of the wall 16. Additionally, the conduit 38 may be 
formed of several connecting members, or it may be a unitary structure. Still further, the exhaust 
port with valve 42 may be removed. 

[0042] Furthermore, the ventilator 10 is not limited to use with wafer processing kits 14. 
Rather, the ventilator 10 maybe used to house various other pollution-generating sources. 

[0043] Furthermore, the flow path F is defined generally through the housing and conduit 
without regard to specific starting and ending points. As such, the fan 44 may be situated at any 
position within the ventilator 10 so long as an airflow is generated that follows the general flow 
path F. 

[0044] Moreover, the orientation of the elements within the housing are not limited to the 
orientation as described. For example, the diverging room 60 may be formed in the lower 
portion 52 of the housing 12 with the remaining elements situated in reverse order fi-om that 
described above. In such an embodiment, the flow path F will be reversed as well. 

[0045] It is also understood that all spatial references, such as "vertically", "top," "bottom," 
"upper," "lower," "convergent," and "divergent" are for illustrative purposes only and can be 
varied within the scope of the invention. Accordingly, all such modifications are intended to be 
included within the scope of this invention as defined in the following claims. 
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